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Abstract
The distribution of virulence markers related to cytolethal distending toxin-V
(CDT-V), subtilase cytotoxin (SubAB), the enterohemorrhagic Escherichia coli
factor for adherence (Efa1), the adhesin similar to IrgA (Iha), the long polar
fimbriae (LpfO113), the autoagglutinating adhesin (Saa), and the protein required
for full expression of adherence of O157:H7 Sakai strain (ToxB) was investigated in
121 Shiga toxin-producing E. coli (STEC) strains isolated in Brazil. STEC strains
were isolated from human infections (n= 49), cattle (n= 68) and ground meat
samples (n= 4). Overall, the lpfAO113, iha, efa1, saa, and toxB sequences were
observed in 89.2%, 87.6%, 47.1%, 43%, and 13.2% of the strains, respectively. The
genes efa1 (96.6%) and toxB (27%) were only identified among eae-positive
strains, while saa (83.8%), cdt-V (12.9%), and subAB (48.4%) just occurred in eae-
negative STEC strains. STEC strains harboring cdt-V and subAB were for the first
time described in the South American subcontinent. In addition, the simultaneous
presence of cdt-V and subAB has not been previously reported, nor the presence of
subAB in STEC O77, O79, O105, O174, and O178 serogroups. A diversity of
virulence profiles was observed among the STEC strains studied. The most
prevalent profile observed among eae-positive STEC strains mainly isolated from
humans was eae efa1 iha lpfAO113, whereas iha lpfAO113 saa ehxA subAB prevailed
among eae-negative STEC strains, mostly isolated from cattle and foods.
Introduction
Shiga toxin (Stx)-producing Escherichia coli (STEC) strains
are important agents of GI diseases in humans, and such
infections may result in a variety of clinical outcomes
including a life-threatening complication known as hemo-
lytic uremic syndrome (HUS). STEC O157:H7 is the classi-
cal serotype first associated with severe diseases in the early
1980s, and since then has been responsible for numerous
outbreaks and sporadic cases of infections in different parts
of the world. However, in the last two decades many other
STEC strains belonging to non-O157 serotypes were also
reported as being related to intestinal illnesses and other
complications. Cattle and other ruminants have been im-
plicated as the main reservoir of O157:H7 and other non-
O157 STEC strains (Paton & Paton, 1998).
Although the production of the potent cytotoxin Stx
constitutes a touchstone in STEC virulence, adherence to
and colonization of the gut are also important. The locus of
enterocyte effacement (LEE), a pathogenicity island re-
quired for the ability to promote attaching and effacing
(A/E) lesions, was present in a number of STEC serotypes
considered to be highly virulent. LEE encodes the eae gene
involved in the production of intimin, an outer membrane
protein fundamental in the establishment of A/E lesions.
However, as a number of STEC pathogens capable of
causing HUS have been characterised as LEE-negative
strains (Paton & Paton, 1998), the presence of this island is
not essential for pathogenesis.
Indeed, additional virulence factors encoded outside the
LEE were identified and proposed to be putative adhesins.
These include the enterohemorrhagic E. coli factor for
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adherence (Efa1) (Nicholls et al., 2000); Iha, an adherence-
conferring protein similar to theVibrio cholerae IrgA (Tarr et al.,
2000); Saa, an autoagglutinating adhesin identified in a LEE-
negative STEC strain of serotype O113:H21 (Paton et al., 2001);
a long polar fimbriae (Lpf) closely related to Lpf of Salmonella
enterica serovar Typhimurium (Doughty et al., 2002); and a
protein called ToxB, required for the full expression of adher-
ence in the O157:H7 Sakai strain (Tatsuno et al., 2001).
Moreover, the presence of other toxins that may play a role
in STEC pathogenesis has also been reported. A newmember
of the cytolethal distending toxin (CDT) family, CDT-V, was
identified in O157 and particular non-O157 STEC serotypes
(Janka et al., 2003; Bielaszewska et al., 2004). Bielaszewska
et al. (2005) demonstrated that CDT-V was able to cause
irreversible damage to human endothelial cells, suggesting
that this toxin may contribute to STEC-mediated diseases
particularly in those caused by strains lacking eae. The
secretion of a highly potent and lethal subtilase toxin
(SubAB), which was found to be unrelated to other AB5
toxins, was recently reported in some STEC isolates from
cases of severe human disease. In in vivo experiments this
novel toxin was lethal for mice, causing extensive micro-
vascular damage, thrombosis, and necrosis in several organs,
including the brain, kidneys, and liver (Paton et al., 2004).
To date, only few studies (Toma et al., 2004; Tatarczak et al.,
2005) have evaluated the presence of putative adhesins from a
wide range of STEC strains, and there are no other studies
demonstrating the distribution of putative adhesins and the
newly discovered toxins in STEC strains of different serotypes
isolated from human infections as well as the animal reservoir.
Knowledge on the virulence profiles presented by STEC is
important, because it provides information on probable
vaccine targets that could be used to prevent infections, and
also because it contributes to a better understanding of the
virulence mechanisms underlying STEC infections.
Thus, the aim of this study was to search for DNA
sequences related to CDT-V and SubAB toxins, and to
putative adhesins (Efa1, Iha, LpfO113, Saa, and ToxB) not
encoded in the LEE, associated with STEC isolates from
different serotypes and origins. The relationships of these
characteristics to the presence of eae, the plasmid-encoded
enterohemolysin (ehxA) sequence, and stx genotypes of the
strains were also analyzed.
Materials and methods
Bacterial strains
A total of 121 STEC strains belonging to O157 and non-
O157 serotypes isolated in Sa˜o Paulo, Brazil, were investi-
gated in this study. Forty-nine STEC strains were isolated
from human infections (Guth et al., 2002a, b, 2005; Irino
et al., 2002, 2007; Vaz et al., 2004), 68 were from dairy and
beef cattle (Leomil et al., 2003; Salvadori et al., 2003; Irino
et al., 2005), and four were from ground meat samples
(Bergamini et al., 2004).
Detection of virulence markers
The primers and conditions employed in the PCR assays for
identification of gene sequences related to efa1 (Nicholls et al.,
2000), iha (Tarr et al., 2000), saa (Paton et al., 2001), lpfAO113
(Doughty et al., 2002), toxB (Tatsuno et al., 2001), and subAB
(Paton & Paton, 2005) were as those reported. For identifica-
tion of cdt-V, the primers F-50-TTCATTGTTCGCCTCCTG-30
and R-50-TTTATAAGCTGGTATCCTG-30 were used, and
PCR was run for 30 cycles (denaturation at 94 1C for 1min,
annealing at 50 1C for 1min, and extension at 72 1C for
1min), and amplified a 755 bp amplification product. Escher-
ichia coli strain EDL933 was used as positive control for efa1,
iha, and toxB; E. coliO113:H21 was used as positive control for
cdt-V, lpfAO113, saa, and subAB, and E. coli strain DH5a was
used as negative control for all genes. For differentiation of stx1
and stx2 variants, RFLP-PCR was carried out as previously
described (Cergole-Novella et al., 2006). The serotypes of
STEC strains and the presence of eae and ehxA have been
previously determined (Guth et al., 2002a, b, 2005; Vaz et al.,
2004; Irino et al., 2005, 2007).
Statistical analysis
Statistical analysis of the frequency of virulence markers
between eae-positive (eae1) and eae-negative (eae )
strains (differences in proportions) were performed by the
w2 test, using Epi-Info version 6.04. A P-value of o 0.05 was
considered statistically significant.
Results
The distribution of virulencemarkers related to new toxins and
putative adhesins is shown in Table 1. It was demonstrated in
previous studies that 46 of the 49 (93.9%) human STEC strains
analyzed carried eae, whereas only 13 of the 68 (19.1%) strains
from cattle harbored this sequence. In addition, ehxA was
carried by 83 (68.6%) of the strains studied independently of
the origin. The ehx gene was found in 27 (46%) of the eae1
STEC strains, and in 55 (89%) of the eae strains, and this
difference is statistically significant (Po 0.05).
The most prevalent adhesins identified among all STEC
strains in this study analyzed were those encoded by lpfAO113
(108 of 121 strains; 89.2%) and iha (106 of 121; 87.6%)
genes; which occurred in either eae1 as in eae strains
(Table 1). However, a higher frequency of lpfAO113 (98%)
was identified among eae strains when compared to eae1
strains (80%) (Table 2), and this difference is statistically
significant (Po 0.05). No significant difference (P= 0.46)
was observed in the frequency of iha between the two
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Table 1. Distribution of virulence markers in Shiga toxin-producing Escherichia coli strains isolated in Brazil from different serotypes and origins
Serotype Origin No. of strains stx genotype (no. of strains)
No. of strains positive forw
eae efa1 iha lpfAO113 saa toxB cdt-V ehxA subAB
O22:H8 Cattle 1 112 1 1 1
O22:H16 Cattle 1 2c 1 1
O26:H11 HUS patient 1 1 1 1 1 1 1 1
O26:H11 Diarrhea patient 4 1 4 4 4 4 3 4
O44:H25 Cattle 1 212c 1 1 1 1 1
O55:H19 Diarrhea patient 1 1 1 1 1
O55:H19 Cattle 1 1 1 1 1
O77:H18 Diarrhea patient 1 112c 1 1 1
O77:H18 Cattle 2 112 2 2 2 2 2
O79:H14 Cattle 3 112, 11212c (2) 3 3 3 3 3
O87:H16 Cattle 1 2d 1
O88:H25 Cattle 1 112 1 1 1 1
O91:H21 Cattle 1 2c 1 1 1 1 1
O93:H19 Diarrhea patient 1 112c 1 1 1 1
O93:H19 Ground meat 1 2 1 1
O98:H4 Cattle 1 112 1 1 1 1
O98:H17 Cattle 2 11212c 2 2 2 2
O103:H2 Hemolytic anemia 1 1 1 1 1 1
O103:H2 Diarrhea patient 3 1 (2), 112c 3 3 1 3
O105:H18 Cattle 2 112, 212c 2 2 2 2 1
O111:HNM Diarrhea patient 12 1 12 11 11 12 2
O111:H8 Diarrhea patient 13 1 13 13 12 13 4
O111:H8 Cattle 1 112 1 1 1 1
O111:H8 Cattle 8 1 8 8 8 8
O111:H11 Diarrhea patient 1 1 1 1 1
O111:HNT Diarrhea patient 1 1 1 1 1 1 1
O112:H21 Cattle 1 2c 1 1 1
O113:H21 Cattle 9 112, 2 (4), 212c (4) 9 9 8 3 8 8
O118:H16 Diarrhea patient 2 1 2 2 2 2 2 2
O118:H16 Cattle 3 1 3 3 3 3 3
O157:H7 HUS patient 1 2 1 1 1 1 1
O157:H7 Diarrhea patientz 3 212c 3 3 3 3 3
O157:H7 Cattle 1 2c 1 1 1 1 1
O165:HNM HUS patient 1 212c 1 1 1 1
O174:HNT Ground meat 1 2 1 1 1 1 1
O178:H18 Cattle 1 2c 1 1 1 1 1
O178:H19 Cattle 5 2c (2), 112, 112c (2) 5 5 5 5 4
O181:H4 Cattle 1 112 1 1 1 1
O181:HNT Cattle 2 11212c 1 2 2 2
ONT:HNM Cattle 1 2c 1 1
ONT:H2 Diarrhea patient 2 1 2 2 2
ONT:H7 Ground meat 1 2 1 1 1 1 1
ONT:H8 Cattle 2 112, 11212c 2 2 1 1 2 1
ONT:H8 Diarrhea patient 1 1 1 1 1 1 1
ONT:H16 Cattle 1 2c 1
ONT:H19 Cattle 4 112, 11212c (3) 4 4 4 4 4
ONT:H21 Cattle 1 2 1 1 1
ONT:H28 Cattle 3 112 3 3 3 3
ONT:H38 Cattle 1 112 1 1 1 1
ONT:H46 Cattle 2 2, 2c 2 2 2 2 2
ONT:H49 Cattle 1 112 1 1 1
OR:H46 Cattle 1 2 1 1 1 1 1
ONT:HNT Cattle 2 112 2 2 2 2
ONT:HNT Ground meat 1 112 1 1 1 1 1 1
Total 121 59 57 106 108 52 16 8 83 30
Nine strains presented 2c(2vh-a): four strains from cattle origin and five strains from human origin; 25 strains presented 2c(2vh-b): 24 strains from cattle
origin and one strain from human origin; one strain presented 2c (2vh-a12vh-b); one strain presented 2d(OX3a).
wehxA and eae previously reported data.
zTwo O157:H7 strains were isolated from bloody diarrhea.
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groups; iha was present in 50 (85%) of the eae1 strains and
in 56 (90%) of the eae strains (Table 2). The 13 lpfAO113-
negative strains were from human origin with the exception
of two bovine strains, and belonged to serotypes O77:H18
(1 strain), O103:H2 (4 strains), O111:H8 (1 strain),
O157:H7 (5 strains), and ONT:H2 (2 strains). The 14 iha-
negative strains were isolated from diverse sources, and
belonged to serotypes O22:H16 (1 strain), O87:H16 (1
strain), O93:H19 (1 strain), O103:H2 (4 strains), O111:H8
(NM) (2 strains), O165:HNM (1 strain), ONT:H2 (2
strains), ONT:H16, and ONT:H49 (1 strain each) (Table 1).
A high prevalence of efa1 (57 of 121; 47.1%) and saa (52 of
121; 43%) was also observed among the STEC strains studied,
but toxB was identified less frequently (16 of 121, 13.2%) and
occurred in specific serotypes such as O26:H11 (four strains),
O103:H2 (two strains), O118:H16 (five strains), and O157:H7
(five strains). efa1 and toxB were only identified among eae1
strains, and occurred, respectively, in 57 (97%) and 16 (27%)
of the strains, while saa was always found associated with
eae strains (52 of 62 strains; 84%) (Table 1).
The presence of gene sequences related to cdt-Vand subAB
was only identified among eae strains, and occurred in
eight (12.9%) and 30 (48.4%) of the strains, respectively.
These new toxin sequences were only observed in strains
isolated from cattle or foods. The cdt-V1 strains belonged to
serotypes O91:H21 (one strain), O113:H21 (three strains),
ONT:H7, ONT:H8, ONT:H21, and ONT:HNT (one strain
each). Several serotypes were identified among subAB1
strains, but the most prevalent ones were O79:H14 (three
strains), O113:H21 (eight strains), O178:H19 (four strains),
and ONT:H19 (four strains) (Table 1).
Distinct associations of the genetic sequences (virulence
profiles) were found in the STEC strains analyzed, and
differences were observed according to the presence or
absence of eae (Table 2). Virulence profiles were never
shared between eae1 and eae strains. Eleven different
virulence profiles were identified among the 59 eae1 strains,
but one, efa1 iha lpfAO113, with or without ehxA was the
most prevalent and was observed in 34 (57.6%) of the
strains. The second-most frequent eae1 profile observed
was efa1 ehxA iha toxB with or without lpfAO113, occurring
in 11 (18.6%) strains. In relation to the 62 eae strains
analyzed, 13 different profiles were identified, and the most
frequent profiles observed were iha lpfAO113 saa ehxA subAB
and iha lpfAO113 saa ehxA, which occurred in 26 (41.9%)
and 15 (24.2%) of the strains, respectively. Moreover, four
strains harbored cdt-V and subAB simultaneously.
Discussion
The virulence of STEC strains can be related not only to the
production of Stx and its variants (Eklund et al., 2002;
Friedrich et al., 2002) but also to new toxins (Janka et al.,
2003; Paton et al., 2004) and putative adhesins (Nicholls
et al., 2000; Tarr et al., 2000; Paton et al., 2001; Tatsuno et al.,
2001; Doughty et al., 2002) that have been described in both
LEE-positive and LEE-negative STEC strains. However, the
prevalence and distribution of these potential virulence
factors in STEC strains isolated from different geographic
regions and sources are poorly analyzed. Hence, as an
attempt to fill this gap, the occurrence of two new toxin
and five putative adhesin genes was investigated by PCR, in a
wide range of STEC strains isolated in Sa˜o Paulo, Brazil,
from human infections, cattle, and ground meat. Correla-
tions with eae, ehxA, and serotypes were also performed.
It is noteworthy that in this study the prevalence of
lpfAO113 and iha occurred in 89.2% and 87.6% of the STEC
strains, respectively, independent of the source of the strain
and the presence of eae. Although similar results were
described by Toma et al. (2004), they found iha as the most
Table 2. Distinct virulence profiles identified among STEC strains according to the presence of eae
Virulence profile carried by
eae1 STEC No. (%) strains eae STEC No. (%) strains
efa1 iha lpfAO113 ehxA 7 (11.9) iha lpfAO113 saa ehxA subAB 26 (41.9)
efa1 iha lpfAO113 27 (45.8) iha lpfAO113 saa ehxA 15 (24.2)
efa1 iha lpfAO113 toxB ehxA 6 (10.1) iha lpfAO113 saa ehxA cdt-V 2
efa1 iha lpfAO113 toxB 3 iha lpfAO113 saa ehxA cdt-V subAB 4
efa1 iha toxB ehxA 5 (8.5) iha lpfAO113 saa 2
efa1 toxB ehxA 2 iha lpfAO113 ehxA 2
efa1 ehxA 4 iha lpfAO113 ehxA cdt-V 1
efa1 iha ehxA 1 iha lpfAO113 2
efa1 lpfAO113 ehxA 2 iha lpfAO113 cdt-V 1
iha lpfAO113 1 iha saa ehxA 1
lpfAO113 ehxA 1 lpfAO113saa ehxA 2
lpfAO113 ehxA 2
lpfAO113 2
Total 59 62
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prevalent adhesin gene (91%) in several STEC seropatho-
types. These researchers even suggested that Iha could be a
candidate for an STEC vaccine, owing to its wide distribution.
Besides the high prevalence of iha also observed in the study,
it was recently showed that this gene was also very common
among enteroagregative E. coli pathotype (Santos et al., 2007).
Despite the fact that lpfAO113 was identified in both eae1 and
eae STEC strains , a significant association between
lpfAO113 and the absence of the eae gene was observed, and
this result is similar to that described by Osek et al. (2003).
In agreement with previous data (Toma et al., 2004), a
close correlation between efa1 and eae was identified in this
study. However, it was verified that toxB gene was the least
prevalent (16 of 59; 27%) adhesin marker among eae1
STEC strains. This result is in contrast to the findings of
Tatarczak et al. (2005) who found toxB in 70.3% of STEC
isolates from different serotypes and sources. In the present
study, most of the strains carrying toxB belonged to ser-
ogroups O157 and O26, which is similar to the results
observed by Toma et al. (2004).
As expected, saa was exclusively found among LEE-
negative STEC strains, and a correlation between the pre-
sence of saa and ehxA genes was demonstrated in 50 (80.6%)
of the 62 eae strains studied. Paton & Paton (2005) also
observed that the presence of saa was closely associated with
the presence of ehxA in STEC strains devoid of eae regardless
of serotype. Similar observations were described by Jenkins
et al. (2003), who have, in addition, pointed out that saawas
more frequently detected in STEC strains isolated from
bovines than in those isolated from humans.
The production of two new toxins, CDT-Vand SubAB, by
STEC isolates has been described, and their role in the
pathogenesis of STEC infection has been proposed (Bielas-
zewska et al., 2004, 2005; Paton et al., 2004). The presence of
cdt-V and subAB gene sequences occurred in 2.9% and
48.4%, respectively, of the eae strains studied. STEC
strains harboring cdt-V and subAB were for the first time
described in the South American subcontinent. It is inter-
esting to mention that none of the O157 and non-O157
human STEC strains presently studied carried these new
toxin sequences, which were exclusively observed in eae
strains isolated from cattle or foods. Thus, no apparent
clinical relevance of cdt-V and subAB distribution was
identified. However, the high frequency of subAB among
Brazilian cattle STEC strains (28 of 68 strains; 41.2%)
should not be ignored, especially as it was identified in
STEC serotypes such as O113:H21, which has been related
to HUS cases in other countries (Paton et al., 1999). In
addition, subAB was for the first time reported in several
STEC serogroups such as O77, O79, O105, O174, and O178.
Moreover, the simultaneous presence of cdt-V and subAB as
reported here has not been described before, and occurred in
strains belonging to O113:H21 and ONT:HNT serotypes.
Although no correlation with a specific stx genotype could
be observed, 17 of 30 (56.7%) STEC strains carrying subAB
harbored stx2 and/or stx2c. Similar results were recently
reported by Khaitan et al. (2007), who found subAB in
diverse STEC strains from the United States, most of which
were of bovine origin and possessed the stx2 gene.
The two most-prevalent profiles observed amongst eae1
STEC strains, mostly isolated from humans, were efa1 iha
lpfAO113 with or without ehxA,which was most predominant
across the O111 serogroup, and efa1 ehxA iha toxB with or
without lpfAO113, which occurred in strains belonging to
O26:H11, O118:H16, and O157:H7 serotypes. Although a
greater diversity of serotypes was observed among eae
STEC strains, mainly isolated from animals and foods, most
(16 of 26; 61.5%) of these STEC strains that carried iha,
lpfAO113, saa, ehxA, and subAB sequences were restricted to
four serotypes: O79:H14, O113:H21, O178:H19, and
ONT:H19. Therefore, despite the diversity of virulence
profiles observed among the STEC strains studied, charac-
teristic associations between virulence profiles, serotypes,
and origin of strains could be identified.
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